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Abstract 

A method or enc&psu:atin§ micn^iec^omechamcal (Wi^MS; sftuctores is provided therein me rv'iyiviS sttuctures are 
formed on a swbsirai® and encapsulated prior to packaging themof. A sacrificial material is flrar depositee! over me 
substrate So cover ar least a portion or" me MEWS srrucmre. An encapsulation material is then deposited ova? the 
sacrificial raa&f&l such that the em-apsniation materia! covers at ieasf a portion or the sacrificial materia! over me 
fvilllv-S structure. Tne sacrificial materia! is surxsequcmrjy removed such thai the encapsulation materia: forms a sheii 
spaced apart from and oovenng me Iv'lvMS :>£rm;mre and permits the intended operation of? 

5 structure;? £ 



Associated iVIE^S devices fabricated using a method of encapsulating structures according to £ 

o: me present invention are also provided. 
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[57] W 

»A*r«ai ( mems) wifife , 

mems ^tf^jft &#J&±#£*NIS«^&i*o * 

&tt&^ft&mm&ttm±.MU^'->nfr m ems *g 

mems ^ ±»M^SI54Mfitt*f 3M-- IBW&ttttimtt 
ft*, AIftiW»*J*-«*,K -5 mems ^ran 
7F#Mt mems ijpfcEtffcfl 1 mems S^ftSisa&ffco -tfc 
*0UB*£»#5fcii#!tt'6LiJ > mems grtt&ftr&HMff: 

Mffi^MEMS^o 




*l #J * # * 



1. -#MMt^M(MEMS)H^^^ *3£3tJL** 

&#JkJLfc&te&L#ftv*£iM.M-'Jr---%ifr MEMS #.JL; 
£4ft4M*#iifc#&##*!-, &###4UI. MEMS i£X 

Ifr*4*4t#*, MEMS&Jtffl 
m^-^-^A MEMS til A&if MEMS £JLttflCJt*ME. 

^jfe-ta^Tlfr*** A*t*«*l MEMS JLJL. 

&fc&tt^*A'jL<kr%LM- MEMS 3£JL##4IL 

¥s m % « *4*4Mt*MUL«* MEMS 

# 4U£ PH %L * fe ##*Hfc^ *fr MEMS 6§E4 

##4fck&-J&-£— ^^te#*H-#*-^--- MEMS jj-j&J&iftJgA 

4*##*Uiifc5fc MEMS # 
10- ***UH*# 1 J5frifet*38r*, &t^^k#####J&^kte 
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JLt$&)LZL& MEMS m #S 

12. *>;M'J^£ 1 /^#^>&> i£k#FH^k###t£^--^ 

13. :fc&*^£l2/^i£tf:^*£r, i£k&#J&: JZ&^&Httftfa 
MEMS ^i^E^t, 

14. ^vM'JJ^ 1 #i£«33r*, £t^^&##^##4£ 

^. 

15. >&*^£l #T*£#3r&-> i£&te>&TjtkJ3lMEMS 

16- *>*l*J^ 1 *tJ^**5^#^-^#^^.^ 
m^-^-M-M. J.!>'— MEMS A^&if MEMS ^5.6^ 

&##*^&J&^T^#<fc&#-*P^ MEMS $~X±-fk£rfc$Lttft. 

19. l *ri£tt3r*, afete£ifr*4»4*#*l-tt*JMi 

20. -#^#«t^M (MEMS) tl^^T*, #ri£3t5:£ 

fe###^4*fe##*#A— **fls &5 MEMS #.JLR|K*MMUt 
MEMS ^1, ^.fij^f MEMS ^5.6^ ;£*ft. 

21. (MEMS) 1.1, 



A/H=- MEMS 

22- 21 *ri£fi& MEMS #JL, * t**-F#*l*JtJ8 

23- 21 #T*£# MEMS 3£ Jo * + 

24. d^*l*I**22«r^.^MEMS*.i, * t J- — 

25. *»&N£-£.24Af-3.ti MEMS * + fe#AfH^.TJIk^L 
£#Ttf# MEMS 3&31tf 

26. 21 ^f-** MEMS^tS., *t^#A^^|L#^ 

27- dMM»J^#26*fi£**MEMS*jE, * t 

28- *>^ft4H^21#F£.ti MEMSltX, *tMAAM*^ 

29. + *3MMft (MEMS) *.JL, fete: 

JMT MEMS.Hi^A**-!!^**^ #Jfc; 
ftM t Jt#j&&M, *4UtJ.!V-- «P^MEMS*.JL; «J8L 
4«4Mkh«* *JL£ MEMS ILX-t** J.^— #^4»4tA# 

30- >*l*!W29 W«t« MEMSM, * 

31- 30 J9fi£*& MEMS JLJU £ 1 0T*i-&#>§-k 

32. :fe>fc*>]^£29 + W MEMS3L3:, # 

33. dHM4##32 MEMS*.*, * + *N£fe*i\*.# 



34 :WM>J:SM5- 29 + « MEMS *LJL, * + aN&fe#JbMt 

35. — #JL**^«l^*^*.* (MEMS) *.*^*##.JL«4* 
It, £f-& 

— ^ MEMS ijjtJL, £j-!>- — ^F^MEMS&i 

it. 

36- *>4M4£-£-35AM&ti&4&, * & 
. 
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8*. #f-#t**^**#* (MEMS) ^***x**.JL^*. 
«j^st^i£^*4t^*ir^**«t^*t^*.*. MEMS JLJLfe 

#^^*f,&/fJt> fr^^t^ MEMS ^.il^^^^^^. 
MEMSjfcf^&ffi^jfc^jL/iK MEMS 

MEMS +&&s\&aL&tb 

iMftiM&arfcttir. #fe&#£e*IBU8-fat#MEMS*.JL « 

No.09/320, 891, T MEMS #.JL, £ft 

+ MEMS 
•tl^^J^J^^it* MEMS ^t^«f?l^M^ff 

it/- ) #1 A m *J No.5, 909, 078 ^ ® *»J $ H -f No.08/936, 598 
3* 08/965, 277, £#&T*#&&^^ib5&&# MEMS *.JL, £ 

MEMS ^LX^Xj^T^^^. *a*L 

X, MEMS |LJL^-Tftft*lf^it*#*.^*. ^f-MEMS 

i^t^^^^^^^^^^*^ MEMS &5.##T#3fr 
tfe«J8L*-f - MEMS Iti^&^W-^*.***^^, MEMS *LJL 
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*t mems $L&«ifam t $L&^fi-n *i 

MEMS #JL. 

4t$LlT#-&4t£~$] MEMS *&Jl. ^£4»*jt.23r*tt*&£-f: ^Ji 
A /JJt-ttt MEMS # ^,?&£|S£j£# 

#|Li£i&+&jLT#«A% 4 L*WL MEMS * 

MEMS 3fc*ttfe#i£^tt**, 
^#^#^^Jil^ MEMS £JLtt;Mft#*^4t-#*#tefl^ MEMS 

MEMS *.JL, RBMM**4MP^Jfcf-fe*h 
MEMS *.JLi&fc#iti|liL#iL^fe*#A.^*. MEMS 

«l« ir*«teA*tt*MMi*. 

*Mt#^1T A*.# A-t % ^fr^Mfc ( MEMS ) 

ft fcfr&fc&tt ft JttiLft MEMS Jfrtt-httJ.^ 
J§ MEMS *fc#«R:fr#4tA MEMS HJL, MEMS 

#TI^*^ifc^^^^J^^^ ; H-A-t^^.-i-^^--^P^MEMS 

M^^l^^W MEMStt. *b*K &#MEMS 
**W^r*Tfc^AJI4»4Mt*Ha*«W^«***, 
ifcJtttJ&##*lRI*AA** mems ££#r#r£^. 4*4M**hkTflUtii 
i£fe##*MMPtt mems 



fc^*l**>t,TA*.*f;|L#jB, 4UMhM*tt£-£.## A mems 

JJ4*#A-t*J&, fc;tk###t 

ft J.^ — ^^-crya^^lj.^— ^P^4&4£##K MEMS ^$i7T&tf} 
l«Jiiitfe###^.J.^ MEMS^^&^iOf*. if Iff, 

4fc#fe###H3A--**fls *4 J.!^— ^mems ##flq»*NML 

MEMS ££#J, ^^t^MEMS il^^f^, £ + 
i&f^*#-^k##fr&jfci:ft MEMS ^ft ft E^Jil&* 
£ *K l£*te###ft ##LTi£--# fe##*ft 3t#jeT*h 

^fcfe>3Lft MEMS *t#ft^ilfr*4S*fc#*f-. 

MEMS ^ft^&ft fetefc. 

#^A>iMtJ&Jift MEMS ^ft^&ill^&te^. MEMS *M*Jl2&3§R 
fe###^#&##^A — **#*ft#«, iZjbfaM MEMS *H4ffl 
IR JNMUt MEMS A^^iLit MEMS &#jft^;U&#. 

;ML9i**j5— *##l3r#&teG.#tt MEMS^#J^k#J., /SfSfc 
&#ft MEMS J*" — * MEMS A£#-£ft$:fcf *t 

A, ^fc#A^*«#AJi#*J.^— ^^MEMS*fe*-t^A--^ 
MEMS &ttft*£:*#. #AT*— #flL«.JL«0«A, 

ft, *#**« A**a|**-j-#A-t*4 JL##ft 

kifrji.TflUtiM-E, £#-£T)lfcA£'fcT&ft MEMS ^r*. 



jML»0§ # ^ & — ^ + fal MEMS > ^t#J^Ji^.A £ jjr 
— MEMS tkfatfjfc&M:. VJLaL&&.J5rXti&4tJ5t, *ri£ + ffl 
MEMS MEMS A**-t##fe-f#A, #T 

SfefeWtl. MEMS ##-t^J.^— *^#4tA#**#«**-f 

#aji. *^^#AifcJtJ8^fe#>&«BJt«.fc, *t&#^ 

mtfj%itt$LM.. H MEMS *#W-^tA«, MEMS 
«jaLj|tifc#4&MEMS#3ft«--^*4, ^r^&#J.^J-!>' — 
MEMS ^Ji^A^^^^l^^^-fr MEMS 

*#«.JlT*-f ^La- 
Sib, 4^A9I ***I4«.#— #MEMS^L5.^&#it^, 
J&#Hir*J|lW^ MEMS liJLttjL****^*!*:****^ 
MEMS *»J9h&, M««MEMSW«fc 

MEMS ^1, WtltftMkiffrJLTlL**, «*»***G.#A*I*J& 

'%-#jLit& MEMS |LJLfc#J&4fe«f'*«4-ftA*4!-**L*. 
&4MU&T4^L9lti~- *4fcA. S*^»B*J&, 

® 1A-1D A#.#^iL9S«5 — MEMS 4L«A 

6 2 — * **-W * & # ** MEMS flt^ft m % 8- — * 

@ 3A-3C 4:**^iL9i — -f — ^-W^A 



MEMS 3£jL*&*fcSt*Jf ttfcrifcB. 

© 1A-1D #**«J£T***A«— ***-W«*JBf-fe* 

J&10 -h^&MEMS^£. #-f*4Bs MEMS$.JLftX.-j-, 1 1 MEMS 

MEMS*iX*»^**«fc*##*#a*i8#-f 110^. @ 
1A ^&*-t^&# MEMS 120 110. ♦ & 110 T3t 

— *&fc-4fc-*## 130, #A£#J& 10 Ji#T##***al 

MEMS 4£i 120 JLtt4t^& 130. 4t4*& 130 *.*Fifc&*aj MEMS 
«.JL 120, &£*Jt#*r*£-ti- *&^> £J4fc^A 130 ##Sfci£.£t- 
MEMS * JL 120 t*J&#A. £ 

120**J2t^— #*t«. 

© IB MEMS 120 Ji^45^>& 140. #5*fc,g- 140 

y$M%L%- ^y—mt MEMS 120 # & #1 Hoechst Celanese it 
<^ AZ4620»T«t*^itft«i**I*A. *-£#«.T, 140 
T^4ra.J.MEMS^^ 120 A4M^& 110. &.*-tLH¥i — &% t *M 
t, 4*4t#*140T****B«*^#*^*^*#*iW MEMS 

120 t#L*S^#^ 140;£jl.# 140 MEMS 

#* 120 tc*at— ♦flt^^a*. ^SlBtW, £-*-fcl^t> 

140 tfL&gr&M. MEMS JL 120 3 tfJfc^A 130 fr^frft 

jMUE£*& no -t. 
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1C #T^, 150 3t^**5*## 140 Ji, 

^###150^.J.MEMS^^ 120-t^J-^— ^^*l^#^-140. & 

^, 150 &m$tfrft&%>/& mems 120, ^^7#&#>g: 

150 n%-%&& HO -h. 150 T&&«*«*ilfe*lftt;fcTA#- 

Sf^^Jla, ^ Microlithography Chemical Corp.^J it # SU-8. — 

150 MEMS 110 -t, $ e**»**|ifc/iL-»l*^L^.* 

S 150 tfflUt 150 MEMS ♦ & 110 Jl#^^. 

isoii.*#8#4Ur*:^.£ 130 -5 

150 iaii.it* 150 ph^:^^^— -Hf-n 160 

J.!^— *^4»4t#* 140. *^iL«#*J#*l«r— ^**«t. 

yg- 150 ® ##iMNfcFHfc*BfcJ&### W MEMS #Jt 120 

150 4HA«E*. &*&ittf *£ft»J&JUM UV JLTtfL&MM: 
150^^2^)^, Jp® ID t^T*. fcJ&iUt^n 160J8:4»*4**aii«fc 
i>I#4*4£#^ 140. ^9>gLJ4, 150 J?J.^-~lp 

^ MEMS 120 Wtt^AJti^— MEMS 120, 
fait MEMS 120 tt3C£.Jt#. ii^M. MEMS «.X 120 t 

**£J*MhM1- 150 **^E*Jilfr*4s4t#*H40. *— ft-M^f 
t> 150 ttftj^JMplMlti MEMS 120 tf^s^-hfiMc 

*&*M**|- 140. — J*&& MEMS 120 J|f->MMteifli>T 10 

JpiAMIia^ft-JMSitiff" J© 110. 110 

H 2 ^ ft 7 ft fe& 200 ft MEMS ^-itf^*©. 

MEMS^^^%H200itf-^^^-^210 Ji#&^, — 
&j£#H220, — ^ttfe&tttt 230, 240. * — £ 

#3LT, 200 «J**afe.^*Ji*^J^«F*^* 

£-fe&&ft*l£4t>.& 250. 250 «*»T^A**j-#*at^* 

220 |t#ifc*fc**4ii#MiJt****M* 230 fejfeA. it*, 

>&Jdt*jLi£# MEMS 200 i£## MEMS &JL ft 



MEMS MCNC ( *, 

A X W # ± it A. ) # @ ^- #J t $ ?'J -f- No.09/383,053 
09/388,321 t#3£-#$*iL. 

7##J 41 % ^ 200 ii# # MEMS 3LX^^>] ^L*f # 

Lit, &L?hm,%>% 200 ^^^#^«^^^5:is|Bt^#^^ 

^^J^k^MEMS&J^&S^. *rS3Atf^ #J>T 

# ;fci&4>L*fc#] 3i###5##*|- 310 H" jfc*|fc*$j *^ MEMS £ 
X 300 -h. *#4R4t#*310**Wia*i^#ABL^ttJ&***«&^ 
^#§#*H-310 «f^M MEMS 300 T^lfe^E^T 
&4M*dfc/8-f fe5kJ*tt4fc^.& 320 AmTJe&Mfti&fLU.gL 260 O 
© 2 t#T^> - ##4**i4i4t## 310 VX^M%^^^. jv® 3B 
t#T^, 310 «**TA|LJfH#jRi£#ttG. 

330 tttfLM^ MEMS ig-JL 300 -t. 330 © 

#l1L^&J&#l&*#k##^- 330 ^tfii^.^T*^^^ii. 

#<I:fe*, 320 tfEJ^Ji 330, ^ifiT 

^4l)tt^^^^%^^/AT^*5^#^310^^r^#^^Ji (£S 
2 t#^j&feJ2U&tr 270 A ) RMr&#*H-330, ^fli^*hStT 
i?^jfclcJ2l. 330 4ttt*)i£^jMf-*titt#. ^^-H^it 

St*A<L*a«.^aMf 330. 330 *i£#Mu£, 

MEMS ItJL 300 Stiff lfr***4Mt# 310 #it^, 4* it 

ffe^i&a 270 (4>ffl 2 t#f^> &^4**1 
330 T3?^*5^##310, l*-*-*&*t#*1- 310. >h##]#2'J # 

£4M4 t» MEMS JLJL 300 #;MftT^##-tl£*4*4£#^ 310. 
gjjft, Jp|3Ct^. £j£-£*54M>W 310 &##^ 330 ##. 

W£ MEMS 300 ##ri&#-£F^-h, #A,*Mfcai MEMS £3. 
300 fti&JMlc^, *l:Mt^.& 320. 330 ^^.^^^E^, 

260 *t&& MEMS 300 -h ( 2 t#T^ ) > MEMS 
300 ^^L^T^^^fall^^, ^^^^^**LM^.^. — ^-^At^ 



fij #r MEMS 300, * t MEMS 300 *&4MfcT#-*^ifc-JMfc 
#U&#^ii.i£ 330 3t£^Ji-##^. MEMS JL JL«. 

pT^^i]^^-^ MEMS *.JL«4 — >MfrXi*^*.& MEMS ^-Xtf — ^ 

;ML >h##]3rtfik&— MEMS ^X^^r*, 

>®4t#T^, MEMS fLttt 1TA4*4M* 

^^^M^Ji^^I. MEMS ^-5. ( J*: 350) . 

tl MEMS LI. MtMEMS&Xftti^tiHkT&fe^Ai? 

*fc#*|-4Li.tt MEMS *t*£B*T&4£*MMt## 
MEMS *.JL. **, *4**##tJ.*l*Jfc— *t 

&%&Httft$L&&fc&#ft±, MEMS 
±¥lM-')r— 360) . fe###***JMP^ 

#«JMt»# A MEMS #.JLJ3W *tT4 
l^MEMS^l^E^. ifijJL, MEMS flt^^ 

£^Jl&#j&]&*. **ifr**5*fc#*1-, A—***, 

JO MEMS *.*HI**MMLJL MEMS MEMS ^5.6^^ 

Jt*MM£:370). it*, *§^##^ fe##^^^J»^ MEMS ^ 

j&Jltf MEMS $L%¥j3ffr±f£4r. i&*, MMEMS«Ji^^ 
gjjfc, ;MLfl**-££*«4M&— MEMS 



££«LJ& -5 MEMS *LJLtt4M*T^^Mfc&*'fr 

m -f MEMS k#i±*£#] 

MEMS i|L^ ^ N-«.^**#^jtf - 

£B MEMS 
JLifl * ******* *JMt***l «* 



% m % m m 
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